The hemolysin plasmid pCW2, which enhances the virulence of Escherich!a coli, has been mapped.
Hemolysin is an extracellular protein that is produced by some strains of Escherichia coli. Its frequent occurrence among extraintestinal isolates indicates that hemolysin may be involved in the pathogenesis of such infections. Data from in vivo experiments support this view (7, 13) . Furthermore, nonhem,plytic mutants are less virulent than their hemolytic parents (12, 15) .
The genes involved in the biosynthesis and secretion of hemolysin in E. coli thus far haye been found to be clustered on a DNA segment of 3.2 x 106 daltons (9) . These hemolysin determinants may reside either on the bacterial chromosome or on large, transmissible plasmids (2, 7, 11, 16) .
Molecular cloning has been reported for both the E. coli plasmid determinant and for chromosomal determinants (1, 3, 17) , and hybridization experiments have demonstrated a high degree of homology, regardless of the origin of the hemolysin determinant. Nevertheless, despite their close structural and sequential relationship, defined differences are observed which seem to be located mainly within the structural gene for hemolysin (1) . These differences may be reflected in the contribution of hemolysin determinants to virulence, since only the chromosomal hemolysin determinant engendered virulence in E. coli (17) . More recently, even among'various chromosomal determinants, both genetic and pathogenic differences have been observed.
Recently, we reported the existence of an hemolysin determinant that appears to exhibit some special features. First of all, this determinant is localized on plasmid pCW2, and unlike the majority of hemolysin 'plasmids, pCW2 is nonconjugative (14) . Secondly, this determinant confers virulence upon E. coli (15) in contrast to the determinant of plasmid pHlyl52 (17) . To identify whether these differences are caused by a different genetic organization, we constructed a physical map of pCW2.
pCW2 DNA w,as isolated by the method of Kado and Liu (6) with the following modifications. After lysis with alkaline sodium dodecyl sulfate and neutralization with acid phenol, the plasmid containing water phase was chromatographed on hydroxyapatite. Subsequently, DNA was eluted with 0.5 M EDTA (pH 7.5) and precipitated with ethanol. Redissolved plasmid DNA was digested with several restriction endonucleases. The sizes of the fragments generated by EcoRI, BamHI, SaIGI, and XhoI are given in Table 1 . To determine the sizes of t'he larger fragments in Table 1 , digestion patterns were compared with those after digestion with a second enzyme. Alignment of the smaller fragments was done by partial digestions, and a rough map of pCW2 could be drawn from these results.
To confirm the correct location of restriction sites on this map, a similar strategy was used to construct maps of deletion derivatives of pCW2. These deletion derivatives, pCW13, pCW14, and pCW18, were obtained during "curing" experiments with novobiocin. Comparison of these digestion patterns with those obtained with pCW2 allowed us to draw a final map of pCW2, which is shown in Fig. 1 the Tn5 insertions have occurred within the two adjacent EcoRI fragments D and F2. More precise location of the insertions was performed with SalGI and BamnHI, which both recognize one site within the transposon (5) . These digestions localize the TnS insertions within a stretch of DNA of 3.8 kilobases between the BamHI site in EcoRI fragment D and the right-hand side of EcoRI fragment F2. As published previously, these three Tn5 insertion mutations result in the loss of both external and internal hemolytic activity (14) . This suggests that either biosynthesis or processing of precursor molecules into active hemolysin is affected by the insertions. This was confirmed by comparing the map of the hemolysin determinant of pCW2 with those of other hemolysin determinants. All three insertions fall within the region that codes for the structural gene (i.e., hIlA ) (Fig.   2 ). With respect to the sites recognized by restriction enzyme Ec oRI, two differences were found between the hemolysin determinant of pCW2 and other plasmid-located hemolysin determinants. One of these was the absence of an EcoRI site within the structural gene, whereas the second difference was the location of the EcoRI site on the left of the hlyC gene. These differences were observed with only one restriction enzyme. Detailed restriction enzyme analysis of cloned DNA fragments is therefore needed to explain the observed differences in virulence exerted by these determinants. Experiments designed to clone the hemolysin determinant of pCW2 into vector pBR322 are presently in progress.
